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Introduction
To elucidate the chemical dynamics prevailing in
a High‐Kine c‐Energy‐IMS (HiKE‐IMS), a Time‐
Of‐Flight (TOF) mass analyzer is planned to be
coupled to the HiKE‐IMS. The transfer stage
between IMS and MS has to transfer ions from a
pressure range of 10‐40 mbar into the high va‐
cuum of the mass analyzer. Ideally, this ion
transfer should maintain the same eﬀec ve ion
temperature as in the dri space of the HiKE‐
IMS and should not mass discriminate towards
low masses. The current transfer stage is real‐
ized by a printed circuit board (PCB) quadrupole
and a PCB ion funnel. Numerical simula ons of
the quadrupole are performed to describe ion
trajectories and ion energy distribu ons.

Methods
Simulations:
• SIMION® 8.1 with hard sphere collision
model (HS1) and custom Lua scripts [1]
• Sparta open source DSMC Code (feb19) [2]

CADSoftware:

Fig 2: CAD model of the PCB quadrupole
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Fig 3: Two‐dimensional axisymmetric model of the
inelt system and the quadrupole

Fig 8: Histogram of the number of simulated collisions

Fig 4: Comparison of pressure proﬁle on the x axis for a 3D and 2D
SPARTA simula on

All shown 2D SPARTA simula ons were per‐
formed with a background pressure of 2 Pa
and an inﬂow pressure of 1,300 Pa. The simu‐
lated gas is pure nitrogen. The grid resolu on
was 9,600 grid cells per meter. The original
length of the quadrupole of 142 mm is
clipped to 20 mm for all simula ons to re‐
duce compu ng demand. The simulated me
is 300 μs with a mestep lenght of 2 ns.

Data Analysis:
• Python 3 with numpy, pandas and scipy
libraries
• ParaView 5.6 [5]

Machine:
• Dell Precision T7500 with eight physical cores
(two Xeon E5530 CPUs) and 24 GB RAM
Fig 5: Pressure proﬁle along the center axis

Experimental setup

Fig 1: Schema c drawing of the experimental setup

Fig 6: Velocity in x direc on along the center axis

Goals

Flow profile fitting
Fig. 5 shows the pressure proﬁle along the x
coordinate. The end pressure of 2 Pa is
reached a er 3 mm and remains stable. The
pressure proﬁle is represented by an expo‐
nen al func on. The velocity in x direc on is
shown in dependence on the x posi on (Fig.
6). The maximum is at approximately 3 mm.
The pressure proﬁle is described by a linear
increase followed by an exponen al de‐
crease. An upper limit is set to avoid an over‐
es ma on in the maximum region. Fig. 7
shows the velocity in y direc on analogously
to Fig. 6. The ﬁrst part of the proﬁle is de‐
scribed with an exponen al func on. The
parameterized ﬁ ng func ons were used in
the hard sphere collision model of SIMION.
The axisymmetric ﬂow proﬁle from the 2D
SPARTA simula on is rotated around the sym‐
metry axis numerically to gain an approxim‐
ate 3D ﬂow proﬁle as SIMION input.
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• 2D and 3D SPARTA simula ons were performed
to assess the applicability of 2D axial symmetric
simula ons
• Pressure and velocity proﬁles were calculated,
analy cal func ons were ﬁ ed to the simulated
proﬁles
• Resul ng proﬁles were successfully incorporated
in ion trajctory simula ons in SIMION
• Most collisions occur in the higher pressure re‐
gime within the ﬁrst 5 mm of the quadrupole
• Ini al SIMION simula ons show an increase of
the average kine c energy of the simulated ions
under the given condi ons inside the quadru‐
pole

Fig 10: Histogram of the radial distance

Outlook

Fig 11: Histogram of the kine c energy distribu on

The kine c energy and posi on of
all ions is recorded at 1 micro‐
second intervals. Fig. 12 shows the
kine c energy distribu on in de‐
pendence of ions' x posi on. The
number of simulated ions is com‐
para vely high at the quadrupole
entrance, due to the longer resid‐
ence me in this region. Fig. 13 to
15 show diﬀerent intervals of these
distribu ons as histograms. The
quan ty of simulated ions is high in
the entrance region, whereas the
kine c energy is mostly smaller
than the start energy (see Fig. 13).
By moving forward into x direc on,
the number of ions per mestep
decreases.
Furthermore,
the
amount of collisions, and therefore
energy exchange with the back‐
ground gas, decreases and the en‐
ergy gain by the electric ﬁeld
gradient increases. That leads to an
overall increase of kine c energy
(see Fig. 14). This trend can be ob‐
served also at higher x values (see
Fig. 15).

Fig 16: Kine c energy distribu on before a simulated collision againt
the x posi on

Sensitivity analysis

Fig 7: Velocity in y direc on along the center axis

A sensi vity analysis was carried out on the
2D SPARTA simula on. The inﬂuence of the
simulated me and the factor between simu‐
lated and physical par cles (fnum) is compar‐
a vely small. The diﬀerences in the
simula on results are between 5 and 10 %.
However, the grid resolu on has a signiﬁcant
inﬂuence on the results. Therefore all 2D
SPARTA simula ons were performed with
high grid resolu ons.
Fig 14: Kine c energy distribu on in the x interval from 10 to 12 mm
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Collisions and local pressure

Kinetic energy distributions

Fig 13: Kine c energy distribu on in the x interval from 0 to 2 mm
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Conclusion

Fig 9: Histogram of the x posi ons of the collisions in associa on with the
local pressure

Fig 12: Kine c energy distribu on against the x pos ons
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SIMION simulations
The 3D model of the quadrupole
was used for all shown SIMION sim‐
ula ons. For one run 1,000 ions
with mass 50 Da, with a single pos‐
i ve charge and a kine c energy of
0.3 eV are ini alized. As in the
SPARTA simula ons, only the ﬁrst
20 mm of the quadrupole are simu‐
lated. The kine c energy is calcu‐
lated from the velocity of the ions.
As shown in Fig. 8 the ions undergo
100 to 250 collisions during the
transmission through the quadru‐
pole. The maximum is at approxim‐
ately 170 collisions. Most of the
collisions occur within the ﬁrst 4
mm due to the high local pressure.
Furthermore, the ion density is
highest near the x‐axis, so that ap‐
proximate pressure and velocity
proﬁles can be used (see Fig.10).
Fig. 11 shows that some ions gain
addi onal kine c energy during the
ﬂight.

Ini ally, the three‐dimensional model of the
quadrupole is transformed to a two‐dimensional
axisymmetric model. To ensure that the 2D
axisymmetric model is valid, also full 3D SPARTA
simula ons are performed. Fig. 4 shows the pres‐
sure proﬁle on the x‐axis for a 2D and a 3D
SPARTA simula on. The two proﬁles diﬀer at
most by a factor of 1.75 and the end pressure is
nearly the same. Due to this small diﬀerence, the
2D model is chosen for be er compu ng per‐
formance.

• Autodesk Inventor 2019 [4]

• inves ga on of diﬀerences between 3D‐ and
2D‐SPARTA simula ons in view of the accuracy
of the results
• perform high resolu on 2D axisymmetric
SPARTA simula ons to calculate pressure and
velocity proﬁles
• ion trajectory simula ons in SIMION
considering the background gas ﬂow proﬁle to
es mate ion mo on and collision energy
distribu ons
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SPARTA simulations

• OpenSCAD 2019.5 [3]

Analyte ions are generated and separated in the
HiKE‐IMS. Instead of a faraday plate detector, a
TOF mass analyzer is coupled to the IMS. There‐
fore, the ions must be transferred into a low‐
pressure region. This is realized by a PCB ion fun‐
nel and a PCB quadrupole.
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Fig 15: Kine c energy distribu on in the x interval from 18 to 20 mm

The maximum posi on is almost con‐
stant, but the distribu on becomes
wider. The diﬀerence between the kin‐
e c energy distribu on in Fig. 12 and in
Fig. 16 is that in the la er only colliding
ions are recorded. The kine c energy
distribu ons of the ions and the colli‐
sions are comparable. The results are
within expecta ons. Most of the colli‐
sions occur in the ﬁrst few millimeters
of the quadrupole. The energy distribu‐
on changes during the transport of
the ions through the quadrupole due to
the electric ﬁeld gradient and the colli‐
sions with the background gas. Sub‐
sequent simula ons will consider ions
with an ini al kine c energy based on a
distribu on func on, which corres‐
ponds with the physical distribu on at
the end of the transfer funnel. Addi‐
onally, the eﬀect of the parameters of
the transfer quadrupole will be in‐
ves gated in detail.

• Valida on of simula on results with experi‐
mental data
• Reﬁnement of the pressure and velocity proﬁles,
usage of fully resolved ﬂow data
• Modiﬁca on of the ini al kine c energy of the
ions with a distribu on func on, which repres‐
ents the energy of the ions at the end of the
transfer funnel
• Inves ga on of the kine c energy distribu on of
the ions in dependence of the electric paramet‐
ers of the quadrupole
• Moving from SIMION trajectories simula ons to
a custom ion dynamics simula on framework
(IDSimF) to consider space charge eﬀects and
improve numerical performance
• Inclusion of a chemical reac on model for simu‐
lated par cles in IDSimF based on e.g. RRKM
• Development of an interface to directly use
SPARTA results (pressure and velocity proﬁles) as
input parameters for the IDSim framework
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